Improvement of NiZn ferrites properties by means on Ni/Zn content ratio modification and by partial substitution of Fe 3+ ions by La 3+ ions is presented. NixZn1−xFe2O4 and NixZn1−xLa0.02Fe1.98O4 samples of small particles were prepared by self-propagated combustion method. X-ray spectroscopy was used for structural analysis, temperature dependence of magnetic susceptibility was used for evaluation of chemical and phase composition. Analysis showed that pure spinel structure without secondary phase caused by La ions for all values of Ni/Zn content was present. Noticeable growth of the magnetic susceptibility at room temperature was observed with rising of Zn 2+ ions content.
Introduction
Nowadays, attention is still focused on soft magnetic spinel ferrites. They are important and extensively used in several applications due to their good magnetic parameters, high resistivity together with relatively cheap production. There are several approaches to improve their parameters by modification of preparation procedure as well as by definition of an optimal chemical composition. Substitution of Fe 3+ ions by rare-earth ions is one of them [1] . Due to chemical composition changes, magneto-crystalline anisotropy and therefore magnetic properties (e.g. resistivity, power losses) of ferrites are influenced [2] . Beside other rare-earth ions, influence of La 3+ substitution on ferrite properties has been investigated [3, 4] , Ni 0.5 Zn 0.5 La y Fe 2−y O 4 (fixed Ni/Zn ratio), where y = 0-0.3 ferrite composition was deeply analyzed [5] .
The aim of presented work is to study the effect Ni 2+ /Zn 2+ ratio as well as the influence of partial substitution of Fe 3+ ions by La 3+ ions on structural and magnetic parameters of ferrites at various values of Ni 2+ /Zn 2+ ratio. Several procedures of NiZn ferrite preparation are used yielding different particle size and morphology, and therefore the anisotropy, as ceramic technique [6] , nitratecitrate autocombustion method [7] , high-energy ball milling [8] and sol-gel technique [9] . Most magnetic parameters are influenced by the particles anisotropy and size. X-ray spectroscopy was used for structural analysis, temperature dependence of magnetic susceptibility was used for evaluation of chemical and phase composition.
Specimen preparation and experiment
The ferrite powders were prepared by means of glycine-nitrate-acetate autocombustion synthesis. An * corresponding author; e-mail: vladimir.jancarik@stuba.sk advantage of this synthesis is the wet process of preparation allowing mixing of raw soluble salts in solution on the atomic scale. Thus, better homogeneity of prepared samples is achieved. COOH acting as the organic precursor in required stoichiometric amount were solved in deionized water. Raw solutions were mixed and heated until the gel consistence was reached. Further, the gel was consecutively heated until the self-propagating combustion process started. Obtained fluffy powder was sintered in the kanthal furnace at the temperature of 850
• C for 6 h. Prepared ferrite powder samples were analysed by measurement of temperature dependences of magnetic susceptibility. The NiZnLa ferrite structure was investigated and analysed by XRD (Co K α radiation, λ = 0.179020 nm).
Magnetic susceptibility temperature dependences were measured by an AC bridge method at magnetic field intensity 760 A/m [10] . It represents and effective way of indicating phase composition and purity of powder ferrite samples. The χ(T ) dependence is very sensitive to chemical and phase composition of ferrite. Compared with other method as SEM microscopy or XRD, it gives no such detailed information, but it is relatively cheap and quick.
Results and discussion
Structure of La-substituted NiZn ferrite was characterized by XRD for various NiZn ratio. The phase analysis confirmed single-phase cubic spinel structure for all the prepared ferrite samples. The presence of second phase LaFeO 3 was not found since the amount of La ions (x = 0.02) was very small. It appears at higher La ion content (x = 0.025), besides major spinel struc-(693) ions in structure) the value of lattice parameter was the lowest (a = 8.3419 Å). 
The decrease of the values of lattice parameter a is caused by increasing concentration of Ni
2+ ions with the ionic radius of 0.69 Å, which is slightly lower than that of Zn 2+ (0.74 Å). The dependence of lattice parameters on the Ni contents in NiZnLa ferrite samples is plotted in Fig. 2 . Temperature dependence of magnetic susceptibility was taken both on pure NiZn ferrite as well as on Lasubstituted samples. Dependences without any partial drops indicating presence of secondary phases were found on all samples; excessive Hopkinson peak reveals smallsized ferrite particles [10] (Fig. 3) . Such result is in agreement with the self-combustion preparation method. The Curie temperature T C was evaluated of both pure and La substituted NiZn ferrite samples for all values of Ni content x. It was determined numerically by a point of inflexion on Hopkinson's peak falling edge. The re-sults, shown in Table I , reveal increase of T C , with the addition of Ni 2+ ions, and slight decrease of T C , with the addition of La 3+ ions. Both phenomena can be attributed to the variation of the Fe-Fe interaction number. In the first case, enter of Zn 2+ ions into the A sites causes replacement of corresponding amount of Fe 3+ ions from A to B sites, and in the second case, enter of La 3+ ions into the B sites causes decrement of corresponding amount of Fe 3+ ions in B sites and its paramagnetic character may violate coupling between magnetic ions. All described processes result in variation of A-B exchange interactions and affect the value of the T C [12] . In Fig. 4 , there are values of magnetic susceptibility at room temperature. The magnetic susceptibility values of pure NiZn ferrite powders are declining with rising of x and change only a slightly with La-substitution at low Ni content. It is in accordance with noticed an increase of coercive field [13] associated with growth of the demagnetizing field, and with the magnetocrystalline anisotropy changes, related to the strong spin-orbit coupling of rareearth ions. In addition, we can conclude from these dependences that Fe-Fe interaction dominates also in the substituted ferrites regardless on Ni content [14] . 
Conclusions
La-substituted ferrite samples were prepared with fixed substituent content and of various Ni/Zn content. Xray diffraction analysis shows the pure spinel structure without secondary phase caused by La ions for all values of Ni/Zn content. It is proved by the temperature dependences of magnetic susceptibility without multiple drops indicating presence of secondary phases. Strong Hopkinson's peak reveals small particle size typical for ferrites prepared by auto-combustion technology. The Curie temperature of pure NiZn ferrite increase with the addition of Ni 2+ ions, and slight decrease with the addition of La 3+ ions in substituted NiZn ferrite. Moreover, noticeable growth of the magnetic susceptibility at room temperature was observed with rising of Zn 2+ ions content.
